Forensic science has a significant current and future role in crime detection, policing and the criminal justice system. Government and societal drivers, police priorities and advances in science and technology are demanding, as well as providing opportunities, for its impact and potential to be expanded, evaluated and assessed further.
Introduction
Forensic science has a significant current and future role in policing and the criminal justice system and in efforts to ensure community safety and national security. Government 1,2,3 , societal drivers 4,5,6 police priorities 7 and advances in science and technology 8, 9 demand, as well as provide opportunities for, the impact of forensic science to be more closely evaluated as well as further expanded. In particular, key agencies and actors argue that there is considerable scope to enhance and extend the reach of a number of forensic science resources by examining their role in crime prevention, crime reduction and in securing and maintaining public confidence in policing. There is also constant interest in securing the possible benefits to be achieved by the application of new and emerging forensic technologies.
A focus on both local and national concerns about crime is a key driver for the police service and it is important to consider what (if any) impact the specialist forensic science community can make to supporting these priorities and meeting such concerns. The resource base is obviously limited and areas where forensic science (and resource) can make the greatest impact need to be identified. There is also a need to evaluate how police forensic science involvement in community priority areas can benefit other policing priorities (for example, to ensure that the 'products' of more serious crimes, which may be dealt with by other agencies, are recognised and dealt with).
In addition, the development and proliferation of imaging technologies, sensing/detection technologies and identification/authentication technologies could also provide the police and wider Criminal Justice System with a range of supplementary opportunities further to extend the reach of forensic science applications 10 .
In 2005, the Forensic Science on Trial report of the House of Commons -Science and Technology Committee 11 , heard evidence of a lack of awareness amongst many University scientific researchers of the potential of their research for forensic applications. In response to this evidence, the Committee proposed 'better management of the technology transfer process to facilitate the exploitation of academic research with the potential for application to crime prevention and detection technologies". This recommendation has not yet been addressed adequately. However, there has been some progress, for example the new Police Science & Innovation Strategy 12 will be supported by a police innovation model for managing the process of research, development and innovation in science (including forensic science).
The main challenges in developing a model that Forensic Science Providers (and others) can interact with are: identifying police requirements; ensuring commercial viability of potential products; and ensuring that effective links are in place between academic researchers and institutions, forensic providers and the wider community. In addition, there are issues about how funds for development work can be stimulated and utilised, and in ensuring that innovation demonstrates and delivers impact.
A core thread running throughout the police model is the need to work in partnership with the wider forensic, scientific, industrial and academic communities and for stakeholder engagement to be a priority. This was reinforced at the Association of Chief Police Officers (ACPO) senior forensic users' workshop 13 in January 2009, where participants argued the need for the police service to describe its strategic needs, whilst maintaining a "real listening skin" and regular dialogue with the forensic community. A key area of agreement was the importance of establishing a mechanism for identifying future possibilities, potential and priorities which fostered innovation, maintained investment and shaped (rather than directed) the forensic science market. Such a mechanism would also reflect the necessity for engagement with the broader-based academic community (as well as more established partners such as National Policing Improvement Agency (NPIA), forensic providers, Home Office Scientific Development Branch (HOSDB), and individual forces) when commissioning and evaluating research and development activities.
Role of Academia in Forensic Science
In addition to providing specialist advice and services, universities have three primary roles in relation to forensic science: the provision of high quality programmes for future forensic practitioners; the development of current forensic practitioners through their participation in applied research, short courses, conferences and qualifications linked to professional practice; and supporting and developing the practice of forensic science, through the identification, execution and dissemination of high quality research. Themed Paper: Fostering Forensic Innovation UK universities have the resource and expertise to fulfil these roles, but have not necessarily been successful in co-ordinating and demonstrating this capability to key stakeholders. Work needs to be done to support the development of forensic science and to influence, obtain and stimulate relevant funding streams. However, this needs to be carried out in a structured way which the full cooperation of key institutional actors. Outside of the UK there are additional opportunities to support the development of forensic science practice, policy and strategy through better R&D engagement with European and International partners. (for example through the 'Security' theme within EU Framework Programme 7 and beyond). Within this wider community group, there are opportunities for collaborative funded projects with European Network of Forensic Science Institutes (ENFSI), Interpol, and Europol etc.
A challenge for the police service to address is how best to ensure these potential resources are accessed and maximised. This requires an understanding of the current research landscape and the wide range of existing and developing funding opportunities. The police need to know what research is being done, where and by whom, in order to avoid duplication, waste of effort and resource as well as to identify current gaps in effort and knowledge. It is clear that the current levels of UK forensic science research activity, quality, capacity and capability are not adequately known: the last government led Research Assessment Exercise contained no Unit of Assessment for forensic science, and no government or commercial agency collects reliable information about this heterogeneous domain: this hampers NPIA and ACPO, as well as other agencies, in developing evidence-informed forensic science policy and strategy.
Forensic Science & Technology Research Network
Currently, research and development in forensic science is undertaken by a range of organisations including universities, the police, forensic science providers, agencies such as the HOSDB and companies that manufacture and supply forensic science technologies.
To maximise and understand the impact of science & technology (including forensic science) on policing, the police service needs to support the best use of scarce resources, particularly in the context of five main areas of research & knowledge exchange: i. identifying existing police priorities and, within those, the priorities for forensic science (specifically to support innovation) • in doing so, there is a primary need to identify what the benefit indicators are and their prioritisation against crime types and/or stages in forensic process, i.e. to maximise impact and target areas requiring improvement. For example, reduced investigation times; increased detections; increased 'cold hits'; shorter time to arrest; improved public confidence; new links to outstanding crimes; early intervention etc. • need better to understand how best to maximise outcomes related to forensic science and to explore the use of forensic science in relation to other policing activities and priorities, particularly to ensure that the wider potential and use of forensic science is realised • need to recognise and articulate the challenges arising from new types of crime and new types of evidence, to support the development of technological and non-technological approaches and interventions. Thereby, supporting a much proactive and integrated approach in identifying the role of forensic science in tackling crime, which requires a multi-disciplinary approach
• identify ways of developing operational requirements from the police to enable a range of scientific and technological (and other) solutions to be identified. Clearly the National Policing Improvement Agency and HOSDB will play a role here, but industry and academia should also be involved, particularly to support the acquisition of funds and resource and to develop thinking, approaches and solutions ii. improving forensic science -The 2008 Caddy report stated 14 -"we have become aware that there is a desperate need for independent research funding in order to advance the discipline of forensic science ". In particular, around: • recognising and evaluating existing research within and outside forensic science. There is a great deal of research currently going on, but what is its worth, and how can it be harnessed to best effect? Including the wider international dimension. • identifying 'obvious' opportunities and gaps and lack of academic evidence base in respect of some techniques and methodologies e.g. emerging issues identified following reports by the Law Commission 15 , Forensic Science Regulator 16 and in the United States 17 , specifically in relation to the 'robustness' of some forensic science discipline areas • improving the practice, technology, processes, personnel etc. by addressing benefit indicators and other drivers, such as the need to ensure quality and inspire confidence in forensic science. The recent US report stated "we run the risk of our science being challenged as there is so little research" 19 • consolidation -there may be substantial duplication of effort across forces, and even within forces. Standardisation of processes would enable forces to share equipment and resources, with possible consolidation into regional centres of excellence e.g. Fingerprints, but work may be required to evaluate likely impact and benefits • Futures work and horizon-scanning -developments outside of forensic science are likely to prompt discussion around future science and technology needs. NB: it is not just about improving forensic science and identifying research requirements, it is also about understanding the implications of current research e.g. research is currently being carried out in regard to the probabilistic nature of fingerprint evidence has been used in a forensic context for over 100 years. However, there have been challenges by court commentators and defence lawyers to the admissibility of fingerprint evidence in court. In response to these challenges, a team of scientists has developed a statistical model for the evaluation of fingerprint comparisons that will bring transparency to what are often vital investigative clues 18 . Like any new technologies aimed at being used in forensic science, the statistical model is being extensively reviewed and validated, but the wider implications of research like this need to be understood and addressed, not least in the context of future workforce development. iii. maximising the contribution of the wider use of science and technology and other resource to support the use and impact of forensic science • identifying and evaluating the wider use of science and technology to support the use and impact of forensic science e.g. addressing research needs identified in National CCTV Strategy 19 , Royal Academy of Engineering Report5 in regard to the use of CCTV (public web-cam) • the science and innovation strategy identifies the priorities for science in terms of supporting the delivery of the objectives set out in the Home Office Strategy for 2008-11 and identifies a number of 'science requirements' priority areas including: knowledge and data management; e-enabled crime; surveillance and tracking, including the use of imaging (such as CCTV and Automatic Number Plate www.instmc.org.uk
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Recognition) and remote detectors; violent crime, including guns, gangs and knife crime utilising the deployment of existing detection technologies in novel places and the development of new detection devices; new methods of drug detection to facilitate the discovery of drugs -for example in transit and in users in situations such as suspected driving under the influence of drugs; designing out crime; 'new' crime areas, including environmental crime; biometrics -including the development of facial recognition and identification and other potential identifiers such as voice; CBRN and explosives iv. identifying where forensic science could be used to greater effect • using a multi-disciplinary approach e.g. criminologists, ethicists, economists, crime scientists. etc. and expertise, both within the forensic process and more widely across policing to maximise the potential for the wider use and impact of forensic science resource; and thereby influence, respond and meet longer term priority areas for the CJS • identifying impact / target / needs leaving flexibility within and across forces to use forensic science to best effect v.
Identifying future priority areas, potential and challenges for forensic science in context of internal and external drivers and changing landscape
Developing what is actually needed to meet police requirements of forensic science may involve revising existing processes, modifying existing technologies or scoping and scanning for entirely new products or services -recognising non-technological as well as technological solutions may be possible. In doing so, it is important to recognise the implications in respect of affecting future delivery models and any associated impact this might have on market and providers, in the short and longer term; and also the possibilities of involving forensic science providers in informing thinking and strategy.
As previously highlighted, the Royal Academy of Engineering Report, Dilemmas of Privacy and Surveillance focuses on areas of IT which have an impact on everyday life, use of IT in surveillance, data-capture and identity management; and the threats posed and role engineering can play in managing these risks. This potentially highlights the need for police services to adopt a multi-disciplinary approach in exploring the expanded use of science and technology and more specifically forensic science applications. For example, in examining potential developments in imaging technologies the implications of this technology in regard to 'choice'/direction between big brother world where privacy is extinct and world where data is organised and managed in a secure way needs to be addressed. Methods of surveillance need to be explored which offer benefits and are accepted by the public recognising that one group may be more tolerant/accepting than another across and within population sets. It is therefore important that technological developments (and associated uses and potential uses) are evaluated and managed so potential effects are understood and controlled and potential areas of failure, together with the consequences of such, are known. Therefore, it may be necessary to consider the wider ethical, public concern and confidence issues.
A wider (and more inclusive) forensic science & technology network, could support the identification and delivery of police priority areas as well as providing a more holistic view of the role of forensic science within the CJS, thus contributing to the development of future police priority areas and informing the future direction and uses of forensic science.
In particular, in relation to points iv and v, there is a need to ensure that the wider role of forensic science in policing, and the potential for it to be extended and enhanced, is fully recognised and evaluated. This aim would be facilitated greatly by establishing a forum which harnessed the benefits of multi disciplinary working; bringing together a wide range of users, stakeholders and academics to look more holistically at the use and development of forensic science, and to deal with wider issues such as inspiring public confidence, crime prevention, privacy concerns etc. This forum could not only contribute to the setting of future police forensic science priority areas, to support the police innovation model, but also influence wider future policy and strategy and ensure, where appropriate, government strategies and action plans include forensic thinking. As it could be argued that there is a need for the CJS, alongside police strategy, to determine and develop wider forensic strategy and priorities; and there is certainly the potential to explore how other stakeholders make best use of it. For example, what is the role of forensic science in supporting the work of social services at earlier stages in the investigative process? How could other agencies such as Food Standards Agency and Customs & Excise use forensic science to better effect?
A primary recommendation of the recent US report was to promote the development of forensic science into a mature field of multidisciplinary research and practice through the introduction of an independent National Institute of Forensic Science. Whilst, acknowledging that US needs may differ from that of the UK, is it clear in both locations that forensic science research goals and priorities will need to change and adapt in response to new knowledge, new technologies and new strategic economic and social needs. The police service needs to be aware and responsive to these changes and a community network could facilitate this.
Of course, in seeking to identify how forensic science can be used to greatest effect, the economic situation presents certain constraints in respect of future levels of investment from government and providers and the policing plans highlight the need to seek efficiency and effectiveness gains. A challenge, therefore in a zero growth market, is to ensure that the forensic (and wider stakeholder) community is able to meet, respond and influence current and future needs and ultimately improve quality, performance and consistency throughout the range of diverse organisations engaged in forensic science.
